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Introduction
In a number of emerging market economies, the public sector has in recent decades accumulated sizeable cross-border financial assets, mainly in the form of central banks' foreign exchange reserves. Nonetheless, the monetary authorities in these countries have not abandoned their independent interest rate policy. To deal with the undesirable effects of foreign exchange interventions (FXIs) on the domestic monetary conditions, they have frequently resorted to sterilization operations, which can be defined in general as a set of policies designed to mitigate the impact of reserve accumulation on domestic interest rates. Even when successful in interest rate steering, such a strategy may potentially lead to economic distortions, which have been discussed in the related literature (International Relations Committee Task Force 2006, Mohanty and Turner 2006 , Cook and Yetman 2012 , Filardo and Grenville 2012 , Filardo and Yetman 2012 , Gadanecz et al. 2014 , Blanchard et al. 2016 ). We will contribute to this strand of research by analysing one aspect (which arguably receives less attention than it deserves) of such a monetary policy strategy -the adjustment pattern of the banking system's balance sheet that follows sterilized FXIs.
Naturally, balance sheet analysis is present in the literature on FXIs. Mostly, however, it focuses on the central bank's balance sheet. Specifically, the common approach in the literature is to examine the outcome of FXIs for reserve money and the central's bank net domestic assets (e.g. Aizenman and Glick 2009 , Ouyang and Rajan 2011 , Cavoli and Rajan 2015 , but it only occasionally refers to broad money developments (Cardarelli et al. 2010, Bleaney and Devadas 2017) . Presumably, the reason behind such an approach is the tacit existence of a stable relationship between bank reserves and broad money aggregates -the "money multiplier". The practical applicability of this concept, however, is questioned in the contemporary literature (Bindseil 2004 , Borio and Disyatat 2010 , Carpenter and Demiralp 2012 . It therefore seems very unlikely that the results of the analysis of the central bank's balance sheet items may be extended reliably to broad money, which is created via essentially different mechanisms.
The aim of this paper is to carry out a detailed examination of the drivers behind the money stock changes associated with sterilized FXIs. For this purpose we will examine the developments of broad money and its balance sheet counterparts for the cross-section of 19 emerging markets that conducted this type of monetary policy. The rest of the paper is structured as follows. Section 2 outlines the flow of funds framework to illustrate the relationship between FXIs and money stock. Section 3 outlines the set-up of the econometric model and describes the data set. Section 4 presents the results of an empirical analysis that identifies the common responses of broad money counterparts to sterilized FXIs in a cross-section of emerging markets. Section 5 concludes.
Sources of money growth
The banking system's (i.e. the aggregate balance sheet comprising both commercial banks and the central bank) balance sheet may be presented as:
where CASH is the currency in circulation, D is banks' deposits, L PNBS is other liabilities of banks to the private non-banking sector, L GOV is the banking system's liabilities to the government, CAP is banks' capital, CRED PNBS is credit to the private non-banking sector, CRED GOV is claims on the government, NFA CB is the net foreign assets of the central bank and NFA B is the net foreign assets of commercial banks. We rearrange this identity to express money and three categories of its counterparts that we will interpret as money growth sources: private credit, external transactions (summarized by the change in net foreign assets of the central bank and commercial banks) and other balance sheet items. We will briefly discuss the economic content of each counterpart and its relationship with FXIs.
The first counterpart represents the inflow of funds to the non-banking sector through external transactions. The non-banking sector may conduct financial and non-financial external transactions. The sum of these transactions constitutes the change in funds owned by the non-banking sector. In the balance of payments, this sum also equals the sum of the banking In this case the banking system's NFA will increase and the balance of payments will adjust through a larger current account surplus and/or larger net capital inflows into the non-banking domestic sector. Both cases imply an inflow of funds and money creation.
The second counterpart represents money creation through lending. When a bank grants a loan, it books the loan as an asset and the newly created deposit as a liability. There-1 Notably, Cook and Yetman (2012) report increased deposit-to-loan ratios that are associated with the accumulation of foreign reserves in emerging Asian economies. They, however, choose to interpret their finding in terms of changes in bank reserves' availability. 2 When the reserve accumulation policy implies that the central bank sells domestic assets (i.e. claims on the banking sector) to the foreign sector in exchange for foreign reserves an increase in foreign assets of the central bank will be offset by an increase of commercial banks' liabilities they now own to foreigners. Accordingly, the NFA of the banking system will not change. In the (less common) case when the central bank sells claims on non-banking domestic sector to foreigners in exchange for foreign reserves the NFA of the banking system will increase but will be offset by decrease in credit to non-banking sector (see equation (2)) reflecting that money was not created. 3 The accumulation of net foreign assets/liabilities is usually associated with a widening of currency mismatches, which are undesirable (and in many cases forbidden by the banking regulation). See Luca and Petrova (2008) for a discussion of the relationship between banks' net foreign assets and the currency mismatch in domestic assets/liabilities. Another, more general, determinant of flexibility in the commercial banks' NFA may be related to capital mobility. Gagnon (2012 Gagnon ( , 2013 and Bayoumi and Saborowski (2014) point out that, in the presence of capital controls, balance of payments adjustment to FXIs is more likely to happen through the current account.
fore, when banks lend to borrowers, they create deposits (initially held by the borrowers). Deposits may later be used as payment media and thus may be spread among customers of different banks. This description of the money creation mechanism is supported empirically (Badarudin et al. 2013 , Werner 2014 , 2016 and is widely accepted in contemporary monetary analysis (ECB 2011 , McLeay et al. 2014 , Borio and Disyatat 2015 , Jakab and Kumhof 2016 .
There is no direct impact of FXIs on lending, but obviously they may lead to credit expansion when not fully sterilized and result in lower interbank interest rates. Disyatat (2011), Gadanecz et al. (2014) and Blanchard et al. (2016) also describe the indirect mechanisms through which FXIs may have an expansionary effect on the financial system even if the interbank interest rates remain unchanged. Notably, not only does the extension of loans create money but also the contraction of loans destroys money. In theory (Tobin 1963 , Lavoie 1999 , the 'excess' money created by external transactions may subsequently be destroyed by the repayment of loans. The overall effect of FXIs on credit is therefore ambiguous.
For the sake of parsimony, we add together all the remaining heterogeneous balance sheet items to obtain the last counterpart, thus, admittedly, impeding its economic interpretation. The shifts between deposits and other instruments not included in the broad money measure (L PNBS ) are a common process. We may expect some leakage of newly created money into this component, but it is unlikely to have any significant macroeconomic conse- Note that banks' capital may be accumulated via both financial and non-financial transactions. 5 It is very likely that sovereign wealth funds play an important role in money creation where they exist (e.g. Chile, Korea, Malaysia and Russia). Unfortunately, a limited number of countries operate a sovereign wealth fund, and the heterogeneity of their institutional set-up precludes a detailed analysis of this source of money growth in the panel framework.
Model and data
Our main objective is the empirical investigation of the link between FXIs and broad money counterparts. For this purpose we choose vector autoregression (VAR) as our main modelling tool, which is a common choice in the FXI literature (Kim 2003 , Cook and Yetman 2012 , Blanchard et al. 2015 , Cavoli and Rajan 2015 . 6 We estimate the following panel version of the model:
where To check the robustness of our results, we also report the direct estimate of the effect of FXIs on money stock obtained by including the broad money variable (M) in the model instead of NFA(B), CREDIT and OTHER. 7 We include oil prices and the Chicago Board Options Exchange Market Volatility (VIX)
Index to control for external shocks. The lag length is set to L = 2 following Schwarz criterion.
To decompose uit and identify structural innovations in the changes in the central bank's net foreign assets, we need to find a matrix A such that Aeit = uit, where eit is an n × 1 vector of structural innovations assumed to be independent so that E[eit e′it]=In. For this purpose we apply conventional Cholesky decomposition and choose a lower triangular matrix as A. The macroeconomic variables are ordered first, followed by policy and then monetary variables.
8
We allow FXIs to affect interest rates by ordering NFA(CB) before IR, although we do not expect to find a significant effect in the case of fully sterilized interventions. We regard the structural innovation in NFA(CB) obtained via such an identification scheme as the FXI shock.
We follow Blanchard et al. (2015) in our choice of countries to be included in the crosssection. Specifically, we are interested in emerging markets that did not have an exchange rate peg. Accordingly, our cross-section consists of 19 emerging markets (see Table 1 in the Annex). We use quarterly data, and the time period is from 2001Q4 to 2016Q1.
9
Our main data sources are the IMF IFS and OECD statistical databases. For data that are unavailable from these sources, we refer to national statistical services' and central banks'
websites.
7 This also helps to obtain the confidence bands, which cannot easily be calculated for the indirect estimate. 8 This is in line with the conventional single shock identification approach (Stock and Watson 2016) . The main assumption is that policy variables may affect monetary variables immediately but may only react to and not have contemporaneous effect on macroeconomic variables. Notably, the share of variance of central banks' NFA explained by innovations in this variable obtained with the aforementioned ordering is more than 97% at any horizon up to 12 quarters. If we treat oil price and VIX variables as endogenous and order them before central banks' NFA the share of variance explained by unexpected shocks is still above 91%. Therefore, unlike Blanchard et al. (2015) , we will not analyse the changes in NFA that are associated with the policy reaction to other shocks. 9 This is mostly determined by data availability, although we are content with the time sample, which starts in the early 2000s, since earlier monetary regimes were characterized by a less independent interest rate policy.
The real GDP, CPI and oil prices are in quarterly growth rates. The interest rates and VIX are in levels. The balance sheet indicators are in quarterly changes as a percentage of the lagged nominal GDP. The series are seasonally adjusted using the X12 procedure. The descriptive statistics of the variables are reported in Table 2 in the Annex.
Empirical results

Main results
We proceed by estimating our model using the complete sample. The impulse responses to expansionary innovation in the central bank's NFA are presented in Figure 1 . 10 As expected, it triggers a decrease in commercial banks' NFA. We observe a short-run contraction in credit, but it is followed by expansion in the following quarters. Notably, an increase in the central bank's NFA results in lower interbank interest rates, suggesting incomplete sterilization. It also has an expansionary effect on the real sector.
11
10 Throughout the paper the reported confidence bands are based on ± 2 standard errors. 11 Admittedly, our model is not well suited to a comprehensive analysis of the macroeconomic consequences of FXIs. One reason is the simplified construction of the OTHER variable, as discussed in Section 2. The model also does not include other variables (e.g. asset prices) that may be relevant to the analysis of the effects of monetary expansion. Nevertheless, our finding that purchases of foreign exchange reserves are expansionary for output holds for the impulse response functions of all the models reported in this section.
Figure 1. Impulse responses to innovation in NFA(CB)
To assess the overall absolute effect of these developments on broad money, we calculate the accumulated responses to a shock that is associated with an increase in the stock of the central bank's NFA over the 12-quarter horizon amounts to 10% of the GDP. A shock of this magnitude is used throughout the paper. The accumulated responses of balance sheet variables are shown as a percentage of the nominal GDP and therefore are comparable in absolute terms.
12 12 The calculation of accumulated responses by adding together flows as a percentage of the lagged GDP may be biased if the nominal GDP changes significantly over this horizon. The impulse responses of prices and output suggest that in our case this effect is negligible: the implied accumulated change in the nominal GDP in response to the shock of this magnitude is less than 1.5% in all the cases. NFA(B) ), we calculate the implied response of the broad money stock (Figure 2) . We cross-check this result by comparison with the direct estimate (obtained as discussed in section 3) of the broad money response to a shock of the same magnitude.
We find that the accumulation of 10 monetary units' worth of foreign reserves by the central bank is offset by only 2.3 units' decrease in commercial banks' NFA. Accordingly, money creation through external transactions amounts to 7.7 units. Together with 1.9 units of credit expansion, the newly created purchasing power amounts to 9.6 units, and 5.6 units leak out into other instruments and bank capital or are absorbed by transactions with the government, leaving the broad money increase at 4 units (which is in line with the direct estimate of the broad money response). 
Complete vs incomplete sterilization
The negative response of the interbank interest rate to the increase in the central bank's foreign reserves suggests that not all countries in the cross-section were de facto able to sterilize FXIs successfully. We cross-check our findings using the sub-group of countries where FXIs fully conform to the notion of sterilized. Similarly to Blanchard et al. (2015) , we estimate country-specific VAR models and allocate countries to two sub-groups: "incomplete sterilization" (containing countries displaying a significant negative response of IR to expansionary innovation in NFA(CB)) and "complete sterilization" (other countries). The composition of the sub-groups is presented in Table 1 in the Annex.
The re-estimation of the panel VAR over two sub-samples confirms that we have obtained the data set in which the correlation between the FXIs and the interbank interest rate These distinctions, however, make only negligible differences to the overall effect on money creation ( Figure 5 ). The credit increase in countries with full sterilization is smaller than that in countries with incomplete sterilization (1.1 and 2.3 units, accordingly), but the total increase in the money stock is 4 units in both cases due to the larger inflow of funds via external transactions. We thus confirm that money creation generally takes place even when the FXIs are fully sterilized. 
Regional sub-group analysis
We find that the sterilized accumulation of 10 units' worth of foreign reserves by an emerging market central bank on average leads to the creation of 4 units' worth of broad money stock, but that does not mean that the results are necessarily homogeneous across countries. To illustrate this point, we re-estimate the model over three regional sub-groups of countries (as presented in Table 1 in the Annex): Asia, Latin America and other countries (emerging Europe and South Africa).
14 The first obvious distinction observed between the impulse responses obtained for the sub-groups is in the interest rate reaction ( Figure 6 ). FXIs appear to be fully sterilized in the Asian countries and clearly affect the interbank interest rates in emerging Europe (which is not surprising considering that five out of six countries in the "incomplete sterilization" sub-group are from this region). The evidence for Latin American countries is less distinct. Accordingly, the credit expansion in emerging Europe is significantly larger than the average reaction, while the point estimate of the response of credit to FXIs in Asian countries is negative (Figure 7) .
Another difference of an even larger magnitude is in the response of commercial banks' NFA ( Figure 8 ). In emerging Europe FXIs largely seem to be offset by the decrease in banks' NFA, while there is practically no link between these two variables in Latin America. This distinction appears to be the key determinant of the differences in the overall effect on money creation. 
Conclusions
The accumulation of foreign exchange reserves by a central bank may in general result in two types of balance of payments adjustment. The first occurs through the banking sector's balance sheet. It implies a decrease in commercial banks' net foreign assets, which may be restricted by the arising currency mismatches and capital controls. The second way of adjustment is through the non-banking sector's transactions: a larger current account surplus or capital inflows. Both of these options imply an inflow of funds and the creation of money. Unlike most of previous studies in the field of sterilization of foreign exchange interventions in our paper we concentrate on these effects (as opposed to monitoring changes in base money).
Importantly, we analyse the behaviour of money counterparts which arguably gives additional insights on the mechanisms of money creation during foreign reserves accumulation.
We show that adjustment through the non-banking sector's transactions is more common in emerging markets. 15 On average the accumulation of 10 monetary units of foreign reserves by a central bank results in the creation of 7.7 units of broad money through external transactions. There is, however, considerable heterogeneity in this estimate across countries:
it stands at 9.5 for Latin America and at 6 for emerging Europe.
Money creation may be amplified further by credit expansion if the FXIs are not fully sterilized and cause a decrease in the interbank interest rates. In the absence of interest rate changes, loans may contract and partially compensate for the "excess" money growth (we observe this in Asian countries), although even in this case the magnitude of such an effect is not sufficiently large to offset money creation through external transactions.
We therefore conclude that it is very unlikely that in emerging markets financial variables may be fully insulated from the effects of foreign exchange interventions. The existence of the described mechanism implies that the accumulation of foreign exchange reserves by a central bank (sterilized or not) is likely to create purchasing power. They may have an expansionary effect that is potentially inconsistent with the desired monetary stance. This effect should not be overlooked when assessing the macroeconomic consequences of foreign reserve accumulation policies. 
Annex
